A statistical method for finding the nucleotide positions in tRNA sequences that correlate with amino acid specificity has been developed. The procedure involves finding the subset of nucleotide positions and groups of positions where the marginal density of one amino acid tRNA class does not overlap that of any other amino acid class. The procedure is an application of a statistical method known as the Expectation Maximization algorithm.
INTRODUCTION
We are developing computer-assisted methods to search tRNA sequences for nucleotide positions that correlate with amino acid specificity. Our goal is to obtain predictive information for laboratory experiments designed to disclose the nucleotides in tRNA molecules that carry the amino acid specificity determinants for the aminoacyl-tRNA synthetases. The method described below makes use of a data set containing a number of isoacceptor tRNA chains for each amino acid. The method locates the nucleotide positions and conbinations of positions unique to each amino acid class. This paper presents a statistical formulation of the problem, followed by development of an algorithm to obtain a solution. In the algorithm, the subset of nucleotide positions is found over which the density of one amino acid tRNA does not overlap the density of any other amino acid class. The density represents a multivariate histogram of four cells at each variable position in a tRNA sequence. Computer Algorithm To Find Non-overlapping Subsets -From equations [1] and [2] we obtain eh(k, 
RESULTS
.
DISCUSS ION
The goal of this work is to develop methods that provide insight into and understanding of the structure of tRNA sequences. What makes a tRNA sequence interesting as statistical entity is its high specificity and complexity, including:
high dimensionality --76 positions; Some of the features that make tRNAs attractive as statistical entities have undoubtedly hindered identification of the amino acid information of these molecules. Traditional biochemical techniques augmented with appropriate statistical methods offer a new approach. The method presented above brings forward salient features of the data, discards the variables that mask certain aspects via the 'noise' they contribute, and provides for the analyst informative summaries of that information. It is important to emphasize that, in practice, the method described performs best with large data sets containing a number of isoacceptor tRNAs for each amino acid; this produces variation on nucleotide positions needed to reduce the size of the intersection-set.
We have applied the algorithm to a set of 65 tRNAs that function in E. coli and S. typhimurium (unpublished). Five amino acid classes had oneposition discriminators; these can be identified by visual inspection of aligned tRNA sequences. Use of the computer algorithm to locate the twoposition discriminators was important, however, with about ten million comparisons needed to obtain this solution. Nineteen amino acid classes had two-position discriminators; all twenty had three-position discriminators.
Operating on a Digital PDP-11/23 + computer, the altorithm requires 14 min cpu time to locate nucleotide positions and combinations of positions unique to each amino acid class. It will be important to assess the predictive value of these computational results in laboratory experiments.
